An indirect enzyme-linked immunosorbent assay has been used for the detection of SalmoneUa group H antibodies.
For the purpose of investigating the relationship of Salmonella strains from various sources, an extensive serological scheme known as the Kauffmann-White scheme has been developed over the years. It currently comprises about 2,000 different serotypes. The basis of the serological differentiation are the 0 and H antigens. About 60 different antigenic specificities of each type are currently recognized. Although the biochemical basis of the polysaccharide side chains which determine the 0 antigen specificities have been established (3) , very little has been done on the structure of the H antigen specificities.
The H antigens are the flagella of the organisms and consist predominantly of the protein flagellin. The antigenic differences are probably determined by differences in the composition of the flagellin. Some of the H antigens, although related, nevertheless show differences, and mirror absorptions of rabbit agglutinating antisera demonstrate residual antibody activity thus, e.g., two antigens characterized by the symbols g,m and m,t share the partial antigen m and differ by the partial antigens g and t. It is through a series of such studies on agglutinating rabbit antisera and related antigens that the Kauffmann-White scheme has been built up.
In recent years the technique known as enzyme-linked immunosorbent assay (ELISA) has been extensively used for many antigen-antibody reactions. It has also been used to examine serum antibody levels to Salmonella antigens in humans with possible enteric fever. However, most of these studies have concentrated only on 0 antigens (1). As ELISA is a more sensitive method for the detection of specific antibodies than the agglutination reaction is, it was considered worthwhile to examine the antigenic components of the H antigens by this technique.
MATERIALS AND METHODS
Strains. The strains used for both antiserum production and antigen preparation are listed in Table 1 . Most of the strains used for H antiserum production were rough monophasic strains obtained from L. Le Minor, Pasteur Institute, Paris, France.
Antiserum production. All antisera used were raised in rabbits by following the guidelines of Le Minor and Rohde (4) . In all cases, preinoculation sera were also taken for control purposes.
The 0 antisera used in this study were Table 3) . Strain 2463 was included in group 3 because mt is considered to be within the g complex.
Agglutination tests. All agglutination tests were performed in microtiter trays. The 0 antigens used were 18-h cultures grown at 37°C in nutrient agar, steamed for 30 min at 100°C in saline (0.85%, wt/vol), washed three times in saline, and suspended to a concentration of about 2 x 109 as determined visually in Formol saline (containing 0.5% Formalin). After the strains containing the representative H antigens were passaged through semisolid agar to attain full motility, as observed microscopically, they were grown for 6 h at 37°C with gentle agitation in Trypticase soy broth (BBL Microbiology Systems) and treated with 0.5% Formalin if fully motile. They were washed in saline and similarly resuspended in Formol saline. All antigen preparations were kept at 4°C until used. All sera were tested at dilutions of 1:50 against all representative 0 or H antigens to determine the specificity of the sera. Subsequently, the sera were titrated against all antigens with which a reaction was observed.
The 0 agglutination test sera were incubated at 50°C in an incubator for 18 h, cooled to 4°C, and examined visually in the usual manner. The H agglutination test sera were incubated at 50°C in a water bath for 2 h and examined visually for agglutination after cooling to 4°C. In the same way, all sera were also tested against an H suspension of strain 2459. Preparation of flagellar antigen of strain 2459 for the ELISA. Strain 2459 was passaged through semisolid agar and grown in Trypticase soy broth under conditions identical to those used for preparing the antigens for agglutination. The organisms were harvested by centrifugation, washed in saline, and resuspended in Formol saline. The suspension was kept at 4°C until used. The method of preparing the H antigen was based on that of Fey (2) . Briefly, the cells were then resuspended in 0.05 N HCI at pH 1.5 back to 7.0. Solid AnalaR grade ammonium sulfate (BDH Chemicals) was added to 2.66 M. After standing overnight at 4°C, the suspension was centrifuged at 3,000 x g for 30 min, and the precipitate was resuspended in saline and dialyzed against saline to remove the ammonium sulfate. It was finally resuspended in Formol saline. The original suspension of 2459, the cells after treatment with acid, and the reconstituted flagella were examined by transmission electron microscopy and conformed to expectations. The fully flagellate organisms were converted to nonflagellate forms by the acid treatment. The flagellar preparations appeared as typical flagella, although they were much shorter.
ELISA. An indirect ELISA was used. The wells of polystyrene microtiter plates (Nunc Immunoplates 96F) were coated overnight at 4°C with 200 ,ul of Salmonella sp. strain 2459 H antigen (200 ng/ml) prepared in a bicarbonate buffer (pH 9.6). This dilution (200 ng/ml) had been determined by a checkerboard titration with both preinoculation and hyperimmune homologous antisera and was chosen because it gave a high specific binding with the lowest background readings (5) . After the plates were washed with phosphatebuffered saline containing 0.1% Tween 20 (PBS-T20) and distilled water, dilutions of preinoculation and test sera prepared in PBS-T20 containing 5.0% fetal calf serum were added in duplicate to the coated wells and incubated at room temperature overnight. The plates were then washed with PBS-T20 and shaken dry. Affinity-purified goat anti-rabbit immunoglobulin G peroxidase conjugate (Tago) diluted 1:35,000 in PBS-T20 was added (200 p,l per well) and incubated at 37°C for 1.5 h. The plates were washed, and the amount of bound enzyme was measured with orthophenylene diamine and hydrogen peroxidase as the substrate (200 ,ul per well). The optical density was read at 492 nm on a Titertek Multiskan (Flow Laboratories). The negative cutoff value was taken as 3 standard deviations above the mean value of the preinoculation sera at each dilution tested. Reference positive and negative sera were tested in triplicate on each plate together with a duplicate PBS-T20 blank. The Strain 2459 was chosen because it is monophasic and belongs to the g complex, which contains a variety of antigenic types, with fg being one of the simpler ones of the g complex. Strain 2459 also belongs to 0 group B which contains the most commonly found salmonellas in human infection.
Although the ELISA was much more sensitive than the agglutination reactions (Table 3) , no reactivity to the 2459 H antigen could be detected with the 0 antisera ( Table 2) . Therefore, although no additional attempts were made to purify the ELISA antigen, it is suggested that as far as our methodology was concerned the method was only detecting H antibodies. The 0 antisera can also be considered specific, as no agglutination reaction was observed when tested against the H suspension of 2459. 
